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electronic equipment using the same, capable of reducing switching 
loss, by decreasing much the switching frequency at a low load, and 
preventing increase of a conduction loss by preventing the switching 
frequency at a nominal load or heavy load from falling more than 
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SOLUTION: An on-period control circuit 5 and an off-period control 
circuit 6 are provided. The off-period control circuit 6 functions to 
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or heavy load to prevent lowering of the switching frequency more 
than required due to the off-period control circuit 6. 
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[Claim(s)] 
[Claim 1] 

In switching power supply equipment equipped with the control circuit prepared 
between the transformer equipped with the primary winding, the secondary 
winding, and the feedback winding, the input power and the 1st switching device 
which were connected to said primary winding at the serial, and the end of said 
feedback winding and the control terminal of said 1st switching device, the 
rectifier circuit connected to said secondary winding, and the output voltage 
detector which detects the output voltage outputted from this rectifier circuit, and 
sends a feedback signal to said control circuit, 

Said control circuit is switching power supply equipment characterized by having 
the "on" period control circuit which stabilizes output voltage, and the "off" period 
control circuit which stabilizes output voltage by delaying the turn-on of said 1st 
switching device based on said feedback signal by carrying out the turn-off of 
said 1st switching device of an ON state based on said feedback signal. 
[Claim 2] 

Switching power supply equipment according to claim 1 characterized by 
stabilizing output voltage and stabilizing output voltage by operating said "on" 
period control circuit in addition to the time of a light load, and controlling a "on" 
period by operating said "off' period control circuit at the time of a light load, and 
controlling a "off* period. 
[Claim 3] 

Said feedback signal consists of the 1st feedback signal which controls a "on" 
period control circuit, and the 2nd feedback signal which controls a "off' period 
control circuit, 

Said output voltage detector is switching power supply equipment according to 
claim 2 characterized by outputting exclusively said the 1st feedback signal and 
said 2nd feedback signal according to load power, 
[Claim 4] 

Said output voltage detector is equipped with the 1st light emitting diode which 



outputs said 1st feedback signal, the shunt regulator connected to this 1st light 
emitting diode at the serial, and the 1st series circuit connected so that it might 
become juxtaposition relation to said 1st light emitting diode, and it consists of a 
source of a constant voltage prepared so that a current might not flow to said 2nd 
light emitting diode until, as for this 1st series circuit, the 2nd light emitting diode 
and output voltage exceed a predetermined value, 

The 2nd switching device by which said "on" period control circuit was prepared 
between the control terminal of said 1st switching device, and the gland of an 
input side, It has the time constant circuit which functions in order to carry out the 
turn-on of said 2nd switching device, while connecting with the control terminal of 
this 2nd switching device. While this time constant circuit includes the 2nd series 
circuit which consists of the 1st photo transistor combined with resistance and 
said 1st light emitting diode By enlarging the resistance of resistance of this 2nd 
series circuit Even if the current more than predetermined flows to said 1st light 
emitting diode, in order that the current which flows to said 1st photo transistor 
may hardly change Switching power supply equipment according to claim 3 
which the time constant of said time constant circuit does not change, but is 
characterized by trying not to function substantially [ in order for said "on" period 
control circuit to be output voltage stabilization ]. 
[Claim 5] 

The switch connected to the 1st light emitting diode and this 1st light emitting 
diode with which said output voltage detector outputs said 1st feedback signal at 
the serial, With the shunt regulator further connected to the serial in the series 
circuit which consists of said the 1st light emitting diode and said switch It has the 
1st series circuit connected so that it might become juxtaposition relation to the 
series circuit which consists of said the 1st light emitting diode and said switch. 
This 1st series circuit consists of a source of a constant voltage prepared so that 
a current might not flow to said 2nd light emitting diode until the 2nd light emitting 
diode and output voltage exceed a predetermined value. 
The 2nd switching device by which said "on" period control circuit was prepared 



between the control terminal of said 1st switching device, and the gland of an 
input side, It has the time constant circuit which functions in order to carry out the 
turn-on of said 2nd switching device, while connecting with the control terminal of 
this 2nd switching device. This time constant circuit is switching power supply 
equipment according to claim 3 characterized by including the 2nd series circuit 
which consists of the 1st photo transistor combined with resistance and said 1st 
light emitting diode. 
[Claim 6] 

Said "off' period control circuit is switching power supply equipment according to 
claim 4 or 5 which is formed at a serial between the end of said feedback winding, 
and the control terminal of said 1st switching device, and is characterized by 
having the 3rd switching device by which on-off control is carried out based on 
the 2nd feedback signal from said output voltage detector. 
[Claim 7] 

Said "off" period control circuit is switching power supply equipment according to 
claim 6 which is equipped with the 2nd photo transistor combined with said 2nd 
light emitting diode, and is characterized by said 3rd switching device turning on 
and turning off when the resistance of this 2nd photo transistor is below a 
predetermined value. 
[Claim 8] 

Switching power supply equipment according to claim 7 characterized by making 
said 2nd photo transistor function as said a part of time constant circuit of said 
"on" period control circuit by connecting the emitter of said 2nd photo transistor to 
the control terminal of said 2nd switching device. 
[Claim 9] 

Said "off* period control circuit is equipped with the 3rd series circuit containing 
the 2nd photo transistor combined with said 2nd light emitting diode, and a 
capacitor. This 3rd series circuit flows, a current turns to and comes out of it at 
the "off" period of said 1st switching device, and it comes to connect with 
juxtaposition at said feedback winding. Switching power supply equipment 



according to claim 6 characterized by turning off said 3rd switching device when 
the charge electrical potential difference of said capacitor by the electrical 
potential difference generated in said feedback winding is beyond a 
predetermined value. 
[Claim 1 0] 

It is switching power supply equipment according to claim 7 to 9 which said "off" 
period control circuit is equipped with the limit circuit which restricts the electrical 
potential difference impressed to the control terminal of said 1st switching device, 
and is characterized by constituting this limit circuit including said 3rd switching 
device. 
[Claim 11] 

Switching power supply equipment according to claim 1 to 10 characterized by 
having the constant-voltage regulator equipped with the current antisuckback 
function prepared between the outputs of the direct current voltage supply which 
supply driver voltage to said "off" period control circuit using the electrical 
potential difference generated in said feedback winding, and said input power 
and said direct current voltage supply. 
[Claim 12] 

The electronic instrument characterized by using switching power supply 
equipment according to claim 1 to 1 1 . 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the electronic instrument which used switching power 

supply equipment and it. 

[0002] 

[Description of the Prior Art] 

In recent years, for example, a printer, facsimile, etc., the demand to lessening 
power consumption of the time of standby, at i.e., the omitting printing actuation 
time, has been increasing. Lessening power consumption at the time of the own 
standby of a power unit, i.e., a light load, used for a printer or facsimile as one is 
called for. 
[0003] 

However, in the switching power supply equipment of a general RCC method, a 
switching frequency becomes high and has the property in which switching loss 
increases, so that a load becomes light, and if it remains as it is, reduction of the 
power consumption at the time of a light load cannot be desired. 
[0004] 

On the other hand, the switching power supply equipment for reducing the power 
consumption at the time of the light load in the switching power supply equipment 
of a RCC method is indicated by JP,7-67335,A. By having the circuit which 
grounds the control terminal of the 1st switching device compulsorily during 1 
scheduled time at the time of a light load, the switching power supply equipment 
indicated by JP,7-67335,A is reducing the power consumption at the time of a 
light load, as the turn-on of the 1st switching device is delayed and a switching 
frequency does not become more than fixed. 
[0005] 



[Problem(s) to be Solved by the Invention] 

However, in the switching power supply equipment indicated by JP,7-67335,A, 
there is a problem that a switching frequency cannot be sharply reduced at the 
time of a light load, and power consumption cannot be referred to as reducing 
sharply only by making it a switching frequency not become more than fixed. 
[0006] 

Moreover, there is a problem that a switching frequency cannot follow the abrupt 
change of a load. For example, it is at the light load and heavy-loading time, and 
when it was set up so that a switching frequency might change a lot and a load 
changes suddenly from a light load to heavy loading, the fall of an output and a 
halt of a power source may occur in change of a load, without the ability following 
a switching frequency. For this reason, there is a problem of it becoming 
impossible to reduce a switching frequency sharply at the time of a light load. 
[0007] 

This invention offers the switching power supply equipment which the switching 
frequency at the time of a light load can be sharply reduced for the purpose of 
solving the above-mentioned trouble, and can reduce power consumption, and 
the electronic instrument using it. 
[0008] 

[Means for Solving the Problem] 

In order to attain the above-mentioned purpose, the switching power supply 
equipment of this invention The transformer equipped with the primary winding, 
the secondary winding, and the feedback winding, and the input power and the 
1st switching device which were connected to said primary winding at the serial. 
The control circuit prepared between the end of said feedback winding, and the 
control terminal of said 1st switching device. In switching power supply 
equipment equipped with the rectifier circuit connected to said secondary winding, 
and the output voltage detector which detects the output voltage outputted from 
this rectifier circuit, and sends a feedback signal to said control circuit, 
Said control circuit is characterized by having the "on" period control circuit which 



stabilizes output voltage, and the "off' period control circuit which stabilizes 
output voltage by delaying the turn-on of said 1st switching device based on said 
feedbacl< signal by carrying out the turn-off of said 1st switching device of an ON 
state based on said feedback signal. 
[0009] 

Moreover, the switching power supply equipment of this invention is 
characterized by stabilizing output voltage and stabilizing output voltage by 
operating said "on" period control circuit In addition to the time of a light load, and 
controlling a "on" period by operating said "off* period control circuit at the time of 
a light load, and controlling a "off' period. 
[0010] 

Moreover, it consists of the 2nd feedback signal with which the switching power 
supply equipment of this invention controls the 1st feedback signal with which 
said feedback signal controls a "on" period control circuit, and a "off' period 
control circuit, and is characterized by said output voltage detector outputting 
exclusively said the 1st feedback signal and said 2nd feedback signal according 
to load power. 
[0011] 

Moreover, the 1st light emitting diode with which, as for the switching power 
supply equipment of this invention, said output voltage detector outputs said 1st 
feedback signal, With the shunt regulator connected to this 1st light emitting 
diode at the serial It has the 1st series circuit connected so that it might become 
juxtaposition relation to said 1st light emitting diode. This 1st series circuit 
consists of a source of a constant voltage prepared so that a current might not 
flow to said 2nd light emitting diode until the 2nd light emitting diode and output 
voltage exceed a predetermined value. The 2nd switching device by which said 
"on" period control circuit was prepared between the control terminal of said 1st 
switching device, and the gland of an input side. It has the time constant circuit 
which functions in order to carry out the turn-on of said 2nd switching device, 
while connecting with the control terminal of this 2nd switching device. While this 



time constant circuit includes the 2nd series circuit which consists of the 1st 
photo transistor combined with resistance and said 1st light emitting diode By 
enlarging the resistance of resistance of this 2nd series circuit Even if the current 
more than predetermined flows to said 1st light emitting diode, in order that the 
current which flows to said 1st photo transistor may hardly change By the time 
constant of said time constant circuit not changing, in order for said "on" period 
control circuit to be output voltage stabilization, it is characterized by trying not to 
function substantially. 
[0012] 

Moreover, the switch on which the switching power supply equipment of this 
invention was connected to the 1st light emitting diode and this 1st light emitting 
diode with which said output voltage detector outputs said 1st feedback signal at 
the serial, With the shunt regulator further connected to the serial in the series 
circuit which consists of said the 1st light emitting diode and said switch It has the 
1st series circuit connected so that it might become juxtaposition relation to the 
series circuit which consists of said the 1st light emitting diode and said switch. 
This 1st series circuit consists of a source of a constant voltage prepared so that 
a current might not flow to said 2nd light emitting diode until the 2nd light emitting 
diode and output voltage exceed a predetermined value. The 2nd switching 
device by which said "on" period control circuit was prepared between the control 
terminal of said 1st switching device, and the gland of an input side, It has the 
time constant circuit which functions in order to carry out the turn-on of said 2nd 
switching device, while connecting with the control terminal of this 2nd switching 
device. It is characterized by this time constant circuit including the 2nd series 
circuit which consists of the 1st photo transistor combined with resistance and 
said 1st light emitting diode. 
[0013] 

Moreover, said "off* period control circuit is prepared at a serial between the end 
of said feedback winding, and the control terminal of said 1st switching device, 
and the switching power supply equipment of this invention is characterized by 



having the 3rd switching device by which on-off control is carried out based on 

the 2nd feedback signal from said output voltage detector. 

[0014] 

Moreover, it is characterized by equipping said "off' period control circuit with the 
2nd photo transistor combined with said 2nd light emitting diode, and said 3rd 
switching device turning on and turning off the switching power supply equipment 
of this invention, when the resistance of this 2nd photo transistor is below a 
predetermined value. 
[0015] 

Moreover, the switching power supply equipment of this invention is 
characterized by making said 2nd photo transistor function as said a part of time 
constant circuit of said "on" period control circuit by connecting the emitter of said 
2nd photo transistor to the control terminal of said 2nd switching device. 
[0016] 

The switching power supply equipment of this invention moreover, said "off* 
period control circuit It has the 3rd series circuit containing the 2nd photo 
transistor combined with said 2nd light emitting diode, and a capacitor. When the 
charge electrical potential difference of said capacitor by the electrical potential 
difference on which a current flows at the "off' period of said 1st switching device 
and which is turned to, it comes out, comes to connect with juxtaposition at said 
feedback winding, and is generated in said feedback winding is beyond a 
predetermined value, as for this 3rd series circuit, said 3rd switching device is 
characterized by being turned off. 
[0017] 

Moreover, the switching power supply equipment of this invention is equipped 
with the limit circuit where said "off' period control circuit restricts the electrical 
potential difference impressed to the control terminal of said 1st switching device, 
and it is characterized by constituting this limit circuit including said 3rd switching 
device. 
[0018] 



Moreover, the switching power supply equipment of this invention is 
characterized by having the constant-voltage regulator equipped with the current 
antisuckback function prepared between the outputs of the direct current voltage 
supply which supply driver voltage to said "off' period control circuit using the 
electrical potential difference generated in said feedback winding, and said input 
power and said direct current voltage supply. 
[0019] 

Moreover, the electronic instrument of this invention is characterized by using 

above switching power supply equipment. 

[0020] 

Thus, by constituting, in the switching power supply equipment of this invention, 
and the electronic instrument using it, the switching frequency at the time of a 
light load can be reduced, and reduction of switching loss can be aimed at. 
Moreover, the fall of the switching frequency at the time of a rated load and 
heavy loading can be prevented, and increase of flow loss can be prevented. 
[0021] 

[Embodiment of the Invention] 
(Example 1) 

The circuit diagram of one example of the switching power supply equipment of 
this invention is shown in drawing 1 . The transformer T by which switching 
power supply equipment 1 was equipped with the primary winding N1, the 
secondary winding N2, and the feedback winding N3 in drawing 1 DC power 
supply Vcc whose end is the input power connected to the end of a primary 
winding N1, The 1st switching device Q1 which consists of an MOSFET 
connected between the other end of a primary winding N1, and the other end of 
DC power supply Vcc, It consists of control circuits 4 prepared between the 
rectifier circuit 2 connected between the secondary winding N2 and the output 
terminal Po, the output voltage detector 3 connected to the output terminal Po, 
and the end of a feedback winding N3 and the gate which is the control terminal 
of the 1st switching device Q1. Here, the other end of DC power supply Vcc 




becomes the gland of an input side. 
[0022] 

The rectifier circuit 2 consists of capacitors C1 for smooth connected between 
the diode D1 connected to the end of a secondary winding N2, and the cathode 
of diode D1 and the other end of a secondary winding N2. Here, the other end of 
a secondary winding N2 becomes the gland of an output side. 
[0023] 

With the resistance R1, 1st light emitting diode PD1, and the shunt regulator SR 
by whom the output voltage detector 3 was mutually connected to the serial 
between the output terminal Po and the gland of an output side It has the 
resistance R3 and resistance R4 which were similarly mutually connected to the 
serial between the output terminal Po and the gland of an output side, resistance 
R2, the 1st series circuit 7 which consists of the 2nd light emitting diode PD2 and 
zener diode D2, and resistance R5 and a capacitor C2. Here, the 1st series 
circuit 7 is connected to juxtaposition to resistance R1 and 1st light emitting diode 
PD1 while connecting with resistance R2 and a serial. Moreover, resistance R5 
and a capacitor C2 are connected to a serial, the end is connected with 1st light 
emitting diode PD1 at a shunt regulator's SR node, and the other end is 
connected at the node of resistance R2 and resistance R3. And the node of 
resistance R2 and resistance R3 is connected to a shunt regulator's SR control 
terminal. Among these, resistance R5 and a capacitor C2 are the negative 
feedback circuits to a shunt regulator SR. 
[0024] 

The control circuit 4 consists of starting resistances R6 connected between the 
node of the capacitor C3 connected to the serial between the "on" period control 
circuit 5 connected to the gate of the 1st switching device Q1, and the end of a 
feedback winding N3 and the gate of the 1st switching device Q1 , the "ofT* period 
control circuit 6 and a capacitor C3. and the "off' period control circuit 6, and the 
end of DC power supply Vcc. 
[0025] 



Among these, the "on" period control circuit 5 consists of capacitors C4 with the 
2nd switching device Q2 which is the transistor of an NPN mold, resistance R7, 
diode D3, the 2nd series circuit 8 that consists of resistance R8 and the 1st photo 
transistor PT 1 , and resistance R9. Among these, the 2nd collector and emitter of 
a switching device Q2 are connected to the 1st gate and source of a switching 
device Q1, respectively. Resistance R7 is connected between the end of a 
feedback winding N3, and the base which is the control terminal of the 2nd 
switching device Q2. Similarly diode D3 and the 2nd series circuit 8 are 
connected to the serial between the end of a feedback winding N3, and the base 
of the 2nd switching device Q2. And resistance R9 and a capacitor C4 are 
connected between the base-emitters of the 2nd switching device Q2, 
respectively. The 1st photo transistor PT 1 constitutes the photo coupler with 1st 
light emitting diode PD1. The feedback signal sent to the "on" period control 
circuit 5 from the output voltage detector 3 through the photo coupler which 
consists of this 1st photo transistor PT 1 and 1st light emitting diode PD1 is 
called 1st feedback signal. 
[0026] 

Moreover, the "ofT* period control circuit 6 consists of the 3rd switching device Q3 
which is the transistor of an PNP mold, a capacitor C5, the transistor Q4 of an 
NPN mold, resistance RIO, resistance R11, a capacitor C6, the 2nd photo 
transistor PT 2 and diode D10, a capacitor C9, and resistance R21. Among these, 
an emitter and a collector are connected with a capacitor C3 at the gate of the 
1st switching device Q1, respectively, and, as for the 3rd switching device Q3, 
the base is connected to the collector of a transistor Q4 through resistance RIO. 
The transistor Q4 is connected with the capacitor C6 respectively through the 
2nd photo transistor PT 2 in the gland of an input side while an emitter is 
connected to the gland of an input side and the base is connected to the emitter 
of a transistor Q3 through resistance R1 1. The 2nd photo transistor PT 2 
constitutes the photo coupler with 2nd light emitting diode PD2. The feedback 
signal sent to the "off period control circuit 6 from the output voltage detector 3 



through the photo coupler which consists of this 2nd photo transistor PT 2 and 
2nd light emitting diode PD2 is called 2nd feedback signal. Furthermore, the end 
of a feedback winding N3 is connected to the other end through diode D10 and a 
capacitor C9 in order, and the node of diode D10 and a capacitor C9 is 
connected to the base of a transistor Q4 through resistance R21 . 
10027] 

And resistance R12 is connected between the gate drains of the 1st switching 
device Q1. Resistance R12 has the effectiveness which prevents the 1st 
switching device Q1 turning on by a surge etc. by making low the impedance 
between the gate sources of the 1st switching device Q1. 
[0028] 

Thus, about the constituted switching power supply equipment 1, the actuation of 
those other than the time of a light load at the time of a rated load and heavy 
loading etc. is explained previously first. In addition, especially in the following 
explanation, unless it refuses, in calling it the time of heavy loading, it shall 
include the time of a rated load. 
[0029] 

In switching power supply equipment 1 , when the 1st switching device Q1 is ON, 
magnetic energy is stored in Transformer T according to the current which flows 
to a primary winding N1, and when the 1st switching device Q1 is OFF, a current 
flows for the load connected to the output terminal Po through the rectifier circuit 
2 from the secondary winding N2 by the magnetic energy. And in the output 
voltage detector 3, the current which becomes so large that a load becomes light 
according to load power flows to 1st light emitting diode PD1. In the output 
voltage detector 3, at the time of heavy loading, it sets up so that the voltage 
drop in the resistance R1 and 1st light emitting diode PD1 by this current may not 
exceed the zener voltage of zener diode D2. Therefore, although a current flows 
to 1st light emitting diode PD1 at the time of heavy loading, a current does not 
flow to 2nd light emitting diode PD2. 
[0030] 



Since the 2nd feedback signal is not outputted unless a current flows to 2nd light 
emitting diode PD2, the 2nd photo transistor PT 2 of the "off" period control 
circuit 6 becomes being OFF with as. A capacitor C6 is charged according to the 
current which flows in through resistance R21 from the rectifier circuit which 
consists of diode D10 and a capacitor C9. And when the electrical potential 
difference of a feedback winding N3 is negative, it discharges through resistance 
R11 and the 2nd photo transistor PT 2. However, since the 2nd photo transistor 
PT 2 turns off, a capacitor C6 hardly discharges and does not almost have a 
voltage drop. Therefore, a capacitor C6 will always charge. And a transistor Q4 is 
turned on with the electrical potential difference charged by the capacitor C6, and 
the 3rd switching device Q3 is also turned on by it. If the current which flows out 
of a secondary winding N2 is lost, a flyback electrical potential difference will 
occur in a feedback winding N3, but since the 3rd switching device Q3 is in an 
ON state, an electrical potential difference is not prevented from being flyback 
impressed to the gate of the 1st switching device Q1 from a feedback winding N3. 
Therefore, the "off' period control circuit 6 does not function at the time more 
than a rated load. 
[0031] 

Since such a current big on the other hand that a load becomes light at 1st light 
emitting diode PD1 according to the magnitude of a load flows, with the 1st 
feedback signal, a load becomes light, and it functions as resistance to which 
resistance becomes small, so that the current of the photo transistor [ 1st ] PT 1 
of the "on" period control circuit 5 which flows to 1st light emitting diode PD1 
increases. 
[0032] 

Moreover, in the "on" period control circuit 5, a capacitor 04 is charged with the 
electrical potential difference generated after the turn-on of the 1st switching 
device 01 at a feedback winding N3, when the charge electrical potential 
difference reaches the threshold of the 2nd switching device 02, the 2nd 
switching device 02 can carry out a turn-on, and the turn-off of the 1st switching 



device Q1 can be carried out by it. That is, the "on" period control circuit 5 is 
equipped with the function which controls the "on" period of the 1st switching 
device Q1 . 
[0033] 

And a capacitor C4 is charged not only according to the current which flows in 
through resistance R7 from a feedback winding N3 but according to the current 
which flows in through diode D3 and the 2nd series circuit 8 (resistance R8 and 
the 1st photo transistor PT 1). As mentioned above, the current of the photo 
transistor [ 1st 1 PT 1 which flows the 1st photo transistor PT 1, so that a load 
becomes light, in order to function as small resistance of resistance so that a 
load becomes light according to the 1st feedback signal increases, and the 
charge rate of a capacitor C4 becomes quick. Since the 2nd switching device Q2 
will carry out a turn-on quickly if the charge rate of a capacitor C4 becomes quick, 
the turn-off of the 1st switching device Q1 is carried out quickly, and the "on" 
period of the 1st switching device Q1 becomes short. Thus, the "on" period 
control circuit 5 is controlled so that a load becomes light at the time of heavy 
loading, the "on" period of a switching device Q1 is shortened and output voltage 
becomes fixed. 
[0034] 

In addition, since the electrical potential difference of hard flow occurs in a 
feedback winding N3 at the 1st turn-off and coincidence of a switching device Q1 
and the charge charge of a capacitor C4 discharges by it, the above-mentioned 
actuation becomes repeatable. 
[0035] 

As mentioned above, in switching power supply equipment 1 , output voltage is 
stabilized by "on" period control at the time of heavy loading. In that case, in 
order that the "off' period control circuit 6 may not function, the turn-on of the 1st 
switching device Q1 is performed by the flyback electrical potential difference 
from a feedback winding. Therefore, it sets to switching power supply equipment 
1 . From a secondary winding N2, a current is flow and at the same time a current 



will flow to a primary winding N1 and a current will not flow to a primary winding 
N1 in the turn-off of the 1st switching device Q1 , when the 1st switching device 
Q1 is ON It operates in the current criticality mode which repeats actuation that 
the 1st switching device Q1 carries out a turn-on, and a current begins to flow to 
a primary winding N1 at the same time the current which flows out of a 
secondary winding N2 is lost. 
[0036] 

Next, the actuation at the time of the light load of switching power supply 
equipment 1 is explained. 

In the "on" period control circuit 5, although the 1st photo transistor PT 1 
functions as resistance according to the 1st feedback signal, if the resistance 
becomes small enough to the resistance of the resistance R8 connected to the 
serial, the resistance value change of the 1st photo transistor PT 1 will not affect 
actuation of the "on" period control circuit 5. That is, if the current which becomes 
a light load and flows to 1st light emitting diode PD1 becomes large, the 
resistance of the 1st photo transistor PT 1 will become small enough, but since 
the resistance of resistance R8 exists, the impedance of the 2nd series circuit 8 
does not become smaller than the resistance of resistance R8. It becomes 
impossible to shorten a "on" period more than it, and stops therefore, functioning 
as a "on" period control circuit. This means that the 1st feedback signal is no 
longer outputted substantially, although 1st light emitting diode PD1 is emitting 
light. In addition, for that, it is necessary to make the resistance of resistance R8 
high beforehand compared with the case where it does not have the "off' period 
control circuit. 
[0037] 

Since a "on" period stops becoming short more than it when the "on" period 
control circuit 5 stops functioning, although a load becomes light, it is going to 
become out of control [ switching power supply equipment 1 ], and output voltage 
tends to leap up. The electrical potential difference exceeding the zener voltage 
of zener diode D2 is impressed to the series circuit which consists of resistance 



R1 of the output voltage detector 3, and 1st light emitting diode PD1 then. 
Therefore, a still bigger current comes to flow to 1st light emitting diode PD1 . 
Moreover, the current according to the magnitude of a load comes to flow also to 
2nd light emitting diode PD2, and the 2nd feedback signal comes to be outputted 
to it. 
[0038] 

On the other hand, in the "off* period control circuit 6, the 2nd photo transistor FT 
2 is turned on with the 2nd feedback signal, and it comes to function as 
resistance which has the resistance according to the 2nd feedback signal. In this 
case, the charge charge of a capacitor C6 discharges through resistance R1 1 
and the 2nd photo transistor PT 2 at the "off" period of the 1st switching device 
Q1 , a charge electrical potential difference becomes below the threshold of a 
transistor Q4, and a transistor Q4 is turned off. The 3rd switching device Q3 is 
also turned off by it. Therefore, even if the current which flows out of a secondary 
winding N2 is lost and a flyback electrical potential difference occurs in a 
feedback winding N3, it is prevented from being impressed to the gate of the 1st 
switching device Q1. That a flyback electrical potential difference is not 
impressed to the gate of the 1st switching device Q1 means barring the turn-on 
of the 1st switching device Q1, and making a "off' period extend. 
[0039] 

After the energy of Transformer T is emitted through diode D1 , the electrical 
potential difference of a feedback winding N3 will be in the condition of a ringing 
from a negative electrical potential difference. When the electrical potential 
difference of a feedback winding N3 is no longer a negative electrical potential 
difference, discharge of the capacitor C6 through resistance R1 1 is lost. 
Therefore, a capacitor C6 begins to be again charged with the time constant 
decided by resistance R21, and the 2nd photo transistor PT 2 and capacitor C6. 
If the charge electrical potential difference of a capacitor C6 rises by this, a 
transistor Q4 turns on and the 3rd switching device Q3 is also turned on. If the 
3rd switching device Q3 turns on, the collector voltage of the 3rd switching 



device Q3, i.e., the gate voltage of the 1st switching device Q1 , will rise and carry 
out a turn-on with the charge stored in the capacitor C3. Thus, the "off' period 
control circuit 6 can control the "off* period of the 1st switching device Q1 
according to the 2nd feedback signal. 
[0040] 

And since the current which flows to 2nd light emitting diode PD2 becomes large 
and the resistance of the 2nd photo transistor PT 2 becomes low so that a load 
becomes light, charging to extent to which a capacitor C6 can carry out the turn- 
on of the transistor Q4 comes to take time amount. Therefore, the "off' period of 
the 1st switching device Q1 becomes long, so that a load becomes light. And 
when this "off' period control circuit 6 functions, output voltage is controlled 
uniformly. In addition, switching power supply equipment 1 operates in current 
discontinuity mode in this case. 
[0041] 

Switching power supply equipment 1 operates in current discontinuity mode at 
the time of a light load because it is performing "off' period control as mentioned 
above. And this is not avoided when performing "off' period control. Therefore, if 
the "on" period control circuit 5 does not exist but the "off' period control circuit 6 
operates also at the time of heavy loading, "off' period control will be performed 
at the time of heavy loading. If "off' period control is performed, a switching 
frequency will become high, so that a load becomes heavy contrary to the case 
where it is the usual RCC method. In switching power supply equipment, since 
switching loss becomes large relatively at the time of a light load, there is a 
desire to make a switching frequency low, since flow loss becomes large 
relatively conversely at the time of heavy loading, there is a request of wanting to 
make a switching frequency high, and "off' period control has agreed in this. 
[0042] 

However, when controlling a "off' period, it will always operate in current 
discontinuity mode, and there is a limitation in the rise of a switching frequency. 
And if it is fully going to reduce the switching frequency at the time of a light load. 



the problem that become very lower than the case where the switching frequency 
at the time of heavy loading is the usual RCC method, and flow loss becomes 
large may occur. In switching power supply equipment 1, it can prevent that such 
a problem occurs by performing "off' period control only at the time of a light load. 
[0043] 

Here shows the measurement result of a time amount change wave of the 
electrical potential difference Vds between the drain sources of the 1st switching 
device Q1 in the switching power supply equipment 1 of this invention, the both- 
ends electrical potential difference Vc6 of a capacitor C6, and the both-ends 
electrical potential difference Vc4 of a capacitor C4 to drawing 2 . Among these, 
as for (d), (c) shows the condition when close to no-load [ with a still lighter load ] 
for the condition at the time of the light load with which "off' period control is 
performed in the condition just before a load becomes lighter than the time of a 
rated load about the condition at the time of the rated load with which "on" period 
control is performed as for (b) and (a) changes from "on" period control to "off' 
period control, respectively. 
[0044] 

as shown in drawing 2 (a) and (b), in the condition that "on" period control is 
performed, it turns out that the both-ends electrical potential difference Vc6 of the 
capacitor C6 of the "off' period control circuit 6 serves as about 1 law on the level 
which makes a transistor Q4 an ON state, and the "off' period control circuit 6 is 
not functioning. Moreover, it turns out that the "on" period control circuit 5 is 
functioning from the period of switching of the direction of drawing 2 (b) being 
short. Moreover, drawing 2 (a) and (b) also show that the time of the charge 
electrical potential difference Vc4 of a capacitor C4 becoming a peak is the 
timing of the turn-on (turn-off of the 1st switching device Q1) of the 2nd switching 
device Q2. In addition, in drawing 2 (a) and (b), there is no ringing of Vds so that 
it may turn out that drawing 2 (a), (b), drawing 2 (c), and (d) are compared. This 
shows that switching power supply equipment 1 is operating by current 
continuous mode. 



[0045] 

And as shown in drawing 2 (c) and (d), it turns out that the both-ends electrical 
potential difference Vc6 of the capacitor C6 of the "off* period control circuit 6 is 
periodically changed at the time of a light load, and the "off" period control circuit 
6 is functioning. [ when the current which flows out of a secondary winding N2 is 
lost in that case and the electrical potential difference Vds between the drain 
sources of the 1st switching device Q1 begins a ringing (at the time of a flyback 
electrical potential difference occurring in a feedback winding N3) ] From the 
both-ends electrical potential difference Vc6 of a capacitor C6 showing the 
minimal value, a transistor Q4 is in an OFF state, the 3rd switching device Q3 is 
also in an OFF state, and it shows having prevented the electrical potential 
difference from being flyback impressed to the gate of the 1st switching device 
Q1. Moreover, while carrying out such actuation, switching power supply 
equipment 1 will operate in current discontinuity mode inevitably. 
[0046] 

Moreover, the comparison with the case where only "off' period control is 
performed, respectively shows the relation between the load current and the 
switching frequency in the switching power supply equipment 1 of this invention, 
and effectiveness to drawing 3 and drawing 4 . 
[0047] 

Although there is no big difference in a switching frequency or effectiveness this 
invention and in the case of "off' period control at the time of a light load with little 
load current so that drawing 3 and drawing 4 may show, in the load more than 
fixed, it turns out that a switching frequency becomes [ the direction of this 
invention ] high, and effectiveness is good in connection with it. 
[0048] 

Like the above explanation, in the switching power supply equipment 1 of this 
invention, "on" period control is performed more than a rated load for stabilization 
of output voltage, and "off* period control is performed at the time of a light load. 
Therefore, at the time of a light load, a switching frequency can be reduced 



sharply, switching loss can be reduced, the fall beyond the need for the switching 
frequency under the effect of "off" period control can be prevented more than in 
the time of a rated load, and increase of flow loss can be prevented. 
[0049] 
(Example 2) 

The circuit diagram of another example of the switching power supply equipment 
of this invention is shown in drawing 5 . In drawing 5 , the same notation is given 
to a part the same as that of drawing 1 R> 1, or equivalent, and the explanation 
is omitted. 
[0050] 

In the switching power supply equipment 10 shown in drawing 5 , the difference 
from switching power supply equipment 1 is only the point that the emitter of the 
2nd photo transistor PT 2 of the "off" period control circuit 6 is connected to the 
base of the 2nd switching device Q2 of the "on" period control circuit 5 instead of 
the gland of an input side. 
[0051] 

Thus, in the constituted switching power supply equipment 10, since a current 
does not flow to 2nd light emitting diode PD2 like the case of switching power 
supply equipment 1 at the time of heavy loading, the "off* period control circuit 6 
does not function, but "on" period control is performed. 
[0052] 

On the other hand, in switching power supply equipment 1 , at the time of a light 
load, since the resistance of the 1st photo transistor PT 1 becomes small enough 
to the resistance of resistance R8, the 1st feedback signal from 1st light emitting 
diode PD1 is no longer outputted substantially. And in order that a current may 
flow to 2nd light emitting diode PD2, the "ofT' period control circuit 6 functions. 
[0053] 

However, in switching power supply equipment 10, since the emitter of the 2nd 
photo transistor PT 2 is connected to the base of the 2nd switching device Q2 of 
the "on" period control circuit 5 instead of the gland of an input side, the current 



which flows the 2ncl photo transistor PT 2 will be used also as the charging 
current of the capacitor C4 of the "on" period control circuit 5. That is, the 2nd 
photo transistor PT 2 will function as a part of time constant circuit of the "on" 
period control circuit 5. Therefore, if a load becomes light, the current which flows 
to 2nd light emitting diode PD2 increases and the current which flows to the 2nd 
photo transistor PT 2 in connection with it also increases, the charging time of a 
capacitor C4 becomes short, the turn-on of the 2nd switching device Q2 will 
become quick, and the turn-off of the 1st switching device Q1 will also become 
quick. That is, it will be controlled at the time of a light load so that a "on" period 
also becomes short auxiliary. In this case, if the switching frequency at the time 
of a light load is compared with switching power supply equipment 1 , it will 
become high. 
[0054] 

In switching power supply equipment 1, since only "off" period control is 
performed at the time of a light load, if a load will become extremely light or will 
be in unloaded condition, a switching frequency may fall to the degree of pole, 
and ****** may occur. On the other hand, in the case of switching power supply 
equipment 10, a switching frequency can be maintained more than fixed not only 
"off* period control but by controlling a "on" period auxiliary at the time of a light 
load, and ****** can be prevented. 
[0055] 
(Example 3) 

The circuit diagram of still more nearly another example of the switching power 
supply equipment of this invention is shown in drawing 6 . In drawing 6 . the 
same notation is given to a part the same as that of drawing 1 , or equivalent, 
and the explanation is omitted. 
[0056] 

In the switching power supply equipment 20 shown in drawing 6 , the difference 
from switching power supply equipment 1 is only the point of having replaced 
with the control circuit 4 and having the control circuit 21. In the control circuit 21, 



the starting resistance R6 in a control circuit 4 was deleted, and it replaced with 
the "off" period control circuit 6, and has the "off" period control circuit 22. In 
addition, there is no modification about the "on" period control circuit 5. 
[0057] 

The "off" period control circuit 22 consists of the 3rd switching device Q5 which is 
the transistor of an NPN mold, the resistance R12 which tums into a starting 
resistance substantially, zener diode D4, the transistor Q6 of an NPN mold, 
resistance R13, resistance R14 and resistance R15, a capacitor C7. and the 2nd 
photo transistor FT 2 and diode D5. Here, the 3rd switching device Q5 is 
connected to the gland of an input side through zener diode D4 while a collector 
and an emitter are connected with a capacitor C3 at the gate of the 1st switching 
device Q1 , respectively and the base is connected to the end of DC power 
supply Vcc through resistance R12. Resistance R13, diode D5, and the 2nd 
photo transistor FT 2 and capacitor C7 are connected to juxtaposition at the 
feedback winding N3 while connecting with a serial. The 2nd photo transistor FT 
2 and capacitor C7 constitute the 3rd series circuit 23. A collector is connected to 
the base of the 3rd switching device Q5, and, as for the transistor Q6, the emitter 
is connected at the node of the 2nd photo transistor FT 2 and a capacitor C7. 
Resistance R14 is connected between the base emitters of a transistor Q6, and 
resistance R15 is connected between the base of a transistor Q6, and the gland 
of an input side. 
[0058] 

The 2nd photo transistor FT 2 constitutes the photo coupler with 2nd light 
emitting diode FD2 like the case of switching power supply equipment 1. The 
signal fed back to the "off" period control circuit 22 from the output voltage 
detector 3 through the photo coupler which consists of this 2nd photo transistor 
FT 2 and 2nd light emitting diode FD2 turns into the 2nd feedback signal in 
switching power supply equipment 20. 
[0059] 

Thus, about the constituted switching power supply equipment 20. the actuation 



at the time of heavy loading is explained previously first. 
[0060] 

In switching power supply equipment 20, the 2nd photo transistor PT 2 of the 
"off* period control circuit 22 remains being OFF since a current does not flow to 
2nd light emitting diode PD2 like the case of switching power supply equipment 1 
at the time of heavy loading. When the 2nd photo transistor PT 2 is OFF, a 
transistor 06 is also turned off in order that a current may not flow. Therefore, the 
base electrical potential difference of the 3rd switching device Q5 turns into zener 
voltage of zener diode D4, and the 3rd switching device 05 is turned on. In this 
case, an electrical potential difference is not prevented from being flyback 
impressed to the gate of the 1st switching device 01 from a feedback winding N3. 
Therefore, the "off" period control circuit 22 does not function at the time of heavy 
loading. 
[0061] 

In addition, about the "on" period control circuit 5, since it is the same as 
switching power supply equipment 1 , "on" period control is performed at the time 
of heavy loading. 
[0062] 

On the other hand, at the time of a light load, in order that a current may flow to 
2nd light emitting diode PD2, the 2nd feedback signal occurs, and the "off" period 
control circuit 22 functions. 
[0063] 

First, while the main-switch component 01 becomes off and the current is flowing 
through diode D1 from the secondary winding N2, in the feedback winding N3, 
the electrical potential difference to which an other end side becomes high has 
occurred. If the current flowed to 2nd light emitting diode PD2 and the 2nd 
feedback signal has occurred at this time, the 2nd photo transistor PT 2 will come 
to function as resistance which has the resistance according to the 2nd feedback 
signal. Therefore, a current flows to the 3rd series circuit 23, diode D5, and the 
series circuit that consists of resistance R13, and it charges so that the direction 



where the capacitor C7 is connected to the gland of an input side by it may just 
become. In order for the resistance of the 2nd photo transistor PT 2 to fall so that 
it becomes a light load, the current which flows to a capacitor C7 increases, and 
the charge electrical potential difference of a capacitor C7 also becomes high, 
since it, simultaneously the charge electrical potential difference of a capacitor 
C7 are impressed to resistance R15 and resistance R14, when the charge 
electrical potential difference of a capacitor C7 reaches more than fixed, a 
transistor Q6 is turned on. Consequently, the base electrical potential difference 
of the 3rd switching device Q5 falls, and the 3rd switching device Q5 is turned off. 
[0064] 

If the current which flows out of a secondary winding N2 through diode D1 
becomes zero, in a feedback winding N3, a flyback electrical potential difference 
with a sign reverse [ it ] will occur. At this time, in order that the charge charge of 
a capacitor C7 may discharge through resistance R14 and resistance R15, the 
ON state of a transistor Q6 continues. Therefore, the OFF state of the 3rd 
switching device 05 is also continued. While the 3rd switching device 05 is in an 
OFF state, an electrical potential difference is prevented from being flyback 
impressed to the gate of the 1st switching device 01. That a flyback electrical 
potential difference is not impressed to the gate of the 1st switching device 01 
means that the turn-on of the 1st switching device 01 is barred, and a "off' 
period is extended. 
[0065] 

The ON time amount of a transistor 06 is decided by the charging time value of a 
capacitor C7, and the charging time value of a capacitor 07 is dependent on the 
charge electrical potential difference of a capacitor 07. Since the charge 
electrical potential difference of a capacitor 07 becomes so high that it becomes 
a light load as mentioned above, the ON time amount of a transistor 06 becomes 
long, and the off time amount of the 3rd switching device 05, i.e., the "off' period 
of the 1st switching device 01, becomes long, so that it becomes a light load. In 
addition, a flyback electrical potential difference is decreased in the meantime. 



vibrating. 
[0066] 

If a transistor Q6 turns off by reduction of the charge charge of a capacitor C7, 
the base electrical potential difference of the 3rd switching device Q5 rises and 
turns on. If the 3rd switching device Q5 turns on, the gate voltage of the 1st 
switching device Q1 will rise and carry out a turn-on according to the current 
which flows through between the base emitters of the 3rd switching device Q5. 
Thus, the "off" period control circuit 22 can control the "off' period of the 1st 
switching device Q1 according to the 2nd feedback signal. Namely, in switching 
power supply equipment 20, output voltage is uniformly controlled by "off" period 
control at the time of a light load. 
[0067] 

In switching power supply equipment 20, it differs in switching power supply 
equipment 1 or 10, and when the 1st switching device Q1 is OFF as mentioned 
above, the OFF state of the 3rd switching device 05 is maintained using the 
electrical potential difference generated in a feedback winding N3. And the base 
electrical potential difference of the 3rd switching device 05 in the "off' period of 
the 1st switching device 01 is maintained at potential lower than ground potential. 
Switching power supply equipment 1 and in the case of 10, there is no path 
which maintains the OFF state of the 3rd switching device 03, and the 3rd 
switching device 03 may turn on by the surge In a circuit etc. On the other hand, 
in switching power supply equipment 20, on circuitry, when the 1st switching 
device 01 is OFF, the 3rd switching device 05 can certainly be turned off with 
the electrical potential difference generated in a feedback winding N3. Therefore, 
the possibility of malfunction by an electrical-potential-difference surge etc. can 
be reduced. 
[0068] 

(Example 4) 

The circuit diagram of still more nearly another example of the switching power 
supply equipment of this invention is shown in drawing 7 . In drawing 7 , the 



same notation is given to a part the same as that of drawing 1 , or equivalent, 

and the explanation is omitted. 

[0069] 

In the switching power supply equipment 30 shown in drawing 7 , the difference 
from switching power supply equipment 1 is only the point of having replaced 
with the control circuit 4 and having the control circuit 31 . In the control circuit 31, 
the starting resistance R6 in a control circuit 4 was deleted, and it replaced with 
the "off' period control circuit 6, and has the "off" period control circuit 32. In 
addition, there is no modification about the "on" period control circuit 5. 
[0070] 

In the "off" period control circuit 32, it replaced with the 3rd switching device Q3 
in the "off' period control circuit 4, a capacitor C5, and resistance RIO, and has 
the 3rd switching device Q7, a transistor Q8, diode D6, and resistance R16, R17, 
and R18. Here, the 3rd switching device Q7 is the transistor of an NPN mold, and 
the collector and the emitter are connected with the capacitor C3 at the gate of 
the 1st switching device Q1, respectively. Between the base of the 3rd switching 
device Q7, and the end of DC power supply Vcc, the resistance R16 which turns 
into a starting resistance substantially is connected. Zener diode D6 is connected 
between the base of the 3rd switching device Q7, and the gland of an input side. 
A collector is connected to the base of the 3rd switching device Q7, and, as for 
the transistor Q8, the emitter is connected to the gland of an input side. And it 
connects with the gland of an input side through resistance R18, and the base of 
a transistor Q8 is connected also to the collector of a transistor Q4. The base of a 
transistor Q8 is further connected through resistance R17 at the node of diode 
D10 and a capacitor C9. 
[0071] 

Thus, about the constituted switching power supply equipment 30, the actuation 
of those other than the time of a light load at the time of a rated load and heavy 
loading etc. is explained previously first. 
[0072] 



In switching power supply equipment 30, the 2nd photo transistor PT 2 of the 
"off' period control .circuit 32 remains being OFF since a current does not flow to 
2nd light emitting diode PD2 like the case of switching power supply equipment 1 
at the time of heavy loading. If the 2nd photo transistor PT 2 becomes off, with 
the charge electrical potential difference of a capacitor C6, a transistor Q4 will be 
turned on and a transistor Q8 will become off. Therefore, the base of the 3rd 
switching device Q7 becomes the zener voltage of zener diode D6, and the 3rd 
switching device Q7 is turned on. In this case, an electrical potential difference is 
not prevented from being flyback impressed to the gate of the 1st switching 
device Q1 from a feedback winding N3. Therefore, the "off' period control circuit 
32 does not function at the time of heavy loading. 
[0073] 

In addition, about the "on" period control circuit 5, since it is the same as 
switching power supply equipment 1, "on" period control is performed at the time 
of heavy loading. 
[0074] 

On the other hand, at the time of a light load, in order that a current may flow to 
2nd light emitting diode PD2, the 2nd feedback signal occurs, and the "off period 
control circuit 32 functions. Hereafter, actuation of the "off' period control circuit 
32 is explained. 
[0075] 

Like the case of the "off' period control circuit 6 of switching power supply 
equipment 1 , the charge charge of a capacitor C6 discharges through resistance 
R1 1 and the 2nd photo transistor PT 2 at the "off' period of the 1st switching 
device Q1, a charge electrical potential difference becomes below the threshold 
of a transistor 04, and a transistor 04 is turned off. By it, a transistor 08 is turned 
on, consequently the 3rd switching device 07 is turned off. Therefore, even if the 
current which flows out of a secondary winding N2 is lost and a flyback electrical 
potential difference occurs in a feedback winding N3, it is prevented from being 
impressed to the gate of the 1st switching device 01 . 



[0076] 

That is, in switching power supply equipment 30, since the 3rd switching device 
which was a PNP transistor became an NPN transistor in the "off' period control 
circuit in the case of the "off" period control circuit 6, only the point that the circuit 
of logic reversal was inserted between a transistor Q4 and the 3rd switching 
device Q7 is the difference from switching power supply equipment 1 . Therefore, 
there is almost no difference with switching power supply equipment 1 in 
actuation. 
[0077] 

By comparing with the switching power supply equipment 1 of drawing 1 which 
uses the transistor of an PNP mold as the 3rd switching device hereafter explains 
the operation effectiveness of switching power supply equipment 30. 
[0078] 

First, in switching power supply equipment 1, starting conditions are as the 
following formula. 
vccxra/(r6+ra) > Vth (Q1) 

Among these, for vcc, the electrical potential difference of DC power supply Vcc 
and ra are [ the resistance of resistance R6 and Vth (Q1) of the parallel 
resistance value of resistance R10 and R12 (resistance prepared between the 
gate sources of the 1st switching device Q1) and r6 ] the threshold electrical 
potential differences of the 1st switching device Q1. In addition, the voltage drop 
in the 3rd switching device Q3 and a transistor Q4 is disregarded. 
[0079] 

Here, the value of resistance RIO influences the switching rate of the 3rd 
switching device Q3, the base current of the 3rd switching device Q3 becomes 
small, its current amount of supply to the gate of the 1st switching device Q1 also 
decreases by it, so that this is large, and the switching speed of the 1st switching 
device Q1 becomes slow. Since switching loss will increase if the switching 
speed of the 1st switching device Q1 becomes slow, the value of resistance RIO 
is not made not much greatly. And unless it can enlarge the value of resistance 



R10, in order to fulfill starting conditions, the value of resistance R6 cannot be 
enlarged, either. Since resistance R6 is a starting resistance, that this value 
cannot be enlarged means that loss by resistance R6 cannot be made small. 
[0080] 

On the other hand, in the case of switching power supply equipment 30 using the 

transistor of an NPN mold as the 3rd switching device, starting conditions 

become like the following formula. 

vccxr12/(r16+r12) > Vth (Q1) 

Among these, r16 is the resistance of resistance R16. 

[0081] 

If [ the resistance of the resistance R12 of switching power supply equipment 1 
and switching power supply equipment 30 ] the same, it is necessary to make the 
resistance of resistance R6 smaller from starting conditions than the resistance 
of the resistance R16 in switching power supply equipment 30 with switching 
power supply equipment 1. Therefore, in switching power supply equipment 30, 
loss by the resistance R16 which is resistance equivalent to a starting resistance 
can be made small. 
[0082] 

Thus, in switching power supply equipment 30, reduction of loss by the starting 
resistance can be aimed at by using the transistor of an NPN mold as the 3rd 
switching device. 
[0083] 

By the way, in the switching power supply equipment 30 of drawing 7 , zener 
diode D6 is connected between the base of the 3rd switching device Q7, and the 
other end of DC power supply Vcc. This zener diode D6 constitutes the limit 
circuit with the 3rd switching device Q7, and it has restricted it so that the gate 
voltage (control voltage) of the 1st switching device Q1 may not exceed the 
predetermined range by this. That is, the gate voltage of the 1st switching device 
Q1 is at the maximum. 
Vgs(Q1 )=Vz(D6)-Vbe(Q7) 



It is alike and is restricted. Here, Vgs (Q1) is [ the zener voltage of zener diode 
D6 and Vbe (Q7) of the electrical potential difference between the gate sources 
of the 1st switching device Q1 and Vz (D6) ] the electrical potential differences 
between base emitters of the 3rd switching device Q7. Therefore, when the 
range of input voltage like the switching power supply equipment corresponding 
to a worldwide input is wide, it can prevent that the control voltage of the 1st 
switching device Q1 exceeds the predetermined range. 
[0084] 

In addition, although omitted in explanation of switching power supply equipment 
20, also in switching power supply equipment 20, it is the configuration almost 
same about a bootstrap circuit as switching power supply equipment 30, and 
since it also has the limit circuit, the effectiveness that loss by the starting 
resistance can be reduced like switching power supply equipment 30, or it can 
respond to the input voltage of the large range can be done so. 
[0085] 
(Example 5) 

The circuit diagram of still more nearly another example of the switching power 
supply equipment of this invention is shown in drawing 8 and drawing 9 . Drawing 
9 shows some switching power supply equipments 40 which were not able to be 
shown in drawing 8 in another drawing. In drawing 8 , the same notation is given 
to a part the same as that of drawing 7 , or equivalent, and the explanation is 
omitted. 
[0086] 

In addition to the configuration of switching power supply equipment 30, 
switching power supply equipment 40 is equipped with the constant-voltage 
regulator 41 and direct current voltage supply 42 in drawing 8 and drawing 9 . 
drawing 8 - setting - an A point the end (end of a primary winding N1) of DC 
power supply Vcc - in the B point, C point means the other end (the other end of 
a feedback winding N3, gland of an input side) of DC power supply Vcc, and D 
point means the node of resistance R1 1 , R16, and R17 for the end of a feedback 



winding N3. In addition, although 0 point is connected in switching power supply 

equipment 30 at the A point, it does not connect here. 

[0087] 

First, the constant-voltage regulator 41 consists of resistance R19 and resistance 
R20, a transistor Q9, zener diode D7, and diode D8. The collector of a transistor 
Q9 is connected through resistance R19 at an A point, the base is connected to 
C point through zener diode D7, and the emitter is connected to D point through 
diode D8. The base of a transistor Q9 is connected through resistance R20 also 
at the A point. Thus, by constituting, the base electrical potential difference of a 
transistor Q9 is constant-voltage-ized by the zener voltage of zener diode D7, 
and, as a result, the emitter of a transistor Q9 is constant-voltage-ized by the 
value lower about 0.6v than the base. 
[0088] 

On the other hand, direct current voltage supply 42 are the rectifier circuits which 
consisted of diode D9 and a capacitor C8, and what rectified the electrical 
potential difference generated in a feedback winding N3 appears in the cathode 
of diode D9. 
[0089] 

And the emitter of the transistor Q9 of the constant-voltage regulator 41 is 
connected to D point while connecting with the cathode of the diode D9 of direct 
current voltage supply 12 through diode D8. 
[0090] 

In switching power supply equipment 40, since the electrical potential difference 
has not occurred in a feedback winding N3 at a power up, direct current voltage 
supply 42 do not function, but the electrical potential difference constant-voltage- 
ized by the constant-voltage regulator 41 is supplied to D point through diode D8. 
And if an electrical potential difference occurs in a feedback winding N3 and 
direct current voltage supply 42 begin to function on it, since the cathode 
electrical potential difference of diode D9 will become higher than the emitter 
electrical potential difference of a transistor Q9, the output voltage of direct 



current voltage supply 42 is supplied to D point. The current supplied to D point 
from the constant-voltage regulator 41 is intercepted. That is, diode D8 achieves 
the function to prevent that a current flows backwards from direct current voltage 
supply 42 to the constant-voltage regulator 41. 
[0091] 

Thus, in the constituted switching power supply equipment 40, the electrical 
potential difference constant-voltage-ized by the constant-voltage regulator 41 is 
impressed to a power up, and the electrical potential difference from the direct 
current voltage supply 42 with an electrical-potential-difference value lower than 
DC power supply Vcc is impressed to the resistance R16 which is a starting 
resistance in addition to a power up. Therefore, compared with the case where a 
direct electrical potential difference is impressed, power consumption can be 
reduced from DC power supply Vcc. 
[0092] 

In addition, since it is completely the same as switching power supply equipment 
30 except the bootstrap circuit part of switching power supply equipment 40, 
there is no difference in actuation as switching power supplies at the time of 
heavy loading and a light load etc. 
[0093] 

Moreover, the configuration using such a constant-voltage regulator and direct 
current voltage supply can be applied also in which the above-mentioned 
example, and does so the same operation effectiveness as the case of switching 
power supply equipment 40. 
[0094] 
(Example 6) 

The circuit diagram of still more nearly another example of the switching power 
supply equipment of this invention is shown in drawing 10 . In drawing 10 , the 
same notation is given to a part the same as that of drawing 1 , or equivalent, 
and the explanation is omitted. 
[0095] 



In the switching power supply equipment 50 shown in drawing 10 , the difference 
from switching power supply equipment 1 is only the point of having replaced 
with the output voltage detector 3 and having the output voltage detector 51 . In 
the output voltage detector 51, Switch SW is formed in the serial at light emitting 
diode PD1. And in the "on" period control circuit 5, in the case of switching power 
supply equipment 1, the resistance of the resistance R8 of the 2nd series circuit 
8 should be beforehand made high compared with the case where it does not 
have the "off' period control circuit, but in the case of switching power supply 
equipment 50, it is made into the same usual value as the case where it does not 
have the "off' period control circuit. 
[0096] 

Thus, in the constituted switching power supply equipment 50, Switch SW is 
turned ON at the time of heavy loading. In this case, since a current does not 
flow to 2nd light emitting diode PD2 like the time of heavy loading in switching 
power supply equipment 1, the "off' period control circuit 6 does not function, but 
"on" period control is performed. 
[0097] 

On the other hand, at the time of a light load. Switch SW is turned OFF with the 
standby signal (signal which shows that a device is in a standby condition) from 
devices, such as facsimile by which for example, switching power supply 
equipment is incorporated. In this case, in order that a current may not flow to 1st 
light emitting diode PD1 , the 1st feedback signal is no longer outputted. 
Therefore, since a current flows to 2nd light emitting diode PD2 and the 2nd 
feedback signal is inevitably outputted to it, the "off' period control circuit 6 
functions and "off' period control is performed. 
[0098] 

Thus, it set to switching power supply equipment 50, and Switch SW ON and is 
off and "on" period control and "off' period control are switched compulsorily. An 
automatic change-over of "on" period control and "off' period control is not 
performed. In addition, about the actuation in each control state, there are not a 



case of switching power supply equipment 1 and a substantial difference, and the 

same operation effectiveness can be done so. 

[0099] 

In addition, although considered as the configuration which forms a switch in the 
output voltage detector of switching power supply equipment 1 in switching 
power supply equipment 50, it is possible to consider as the same configuration 
also in the switching power supply equipment of which the natural above- 
mentioned example. 
[0100] 

(Example 7) 

The perspective view of one example of the electronic instrument of this 
invention is shown in drawing 1 1 . In drawing 11 , the printer 100 which is one of 
the electronic instruments is using the switching power supply equipment 1 of 
this invention as a part of power circuit. 
[0101] 

Although the part about printing actuation of a printer 100 consumes power at the 
time of printing, it hardly consumes power at the time of the standby which does 
not carry out printing actuation. And since the switching power supply equipment 
1 of this invention is used, the power loss at the time of standby can be reduced, 
and improvement in effectiveness can be aimed at. 
[0102] 

In addition, although the switching power supply equipment 1 shown in drawing 1 
in the printer 100 shown in drawing 1 1 was used, the switching power supply 
equipments 10, 20, 30, 40, and 50 shown in drawing 5 thru/or drawing 10 may be 
used, and the same operation effectiveness is done so. 
[0103] 

Moreover, the electronic instrument of this invention is not restricted to a printer, 
and contains all the electronic instruments that need DC power supply with a 
stable electrical potential difference for a notebook computer, a portable 
information device, etc. 



[0104] 

[Effect of the Invention] 

On the occasion of constant-voltage-izing of output voltage, based on the 
feedback signal from an output voltage detector, at the time of a rated load and 
heavy loading, "on" period control of the 1st switching device is performed, and, 
according to the switching power supply equipment of this invention, "off' period 
control of the 1st switching device is performed at the time of a light load. By this, 
the switching frequency at the time of a light load can be reduced, and reduction 
of switching loss can be aimed at. Moreover, at the time of a rated load and 
heavy loading, a switching frequency can be made comparatively high and 
increase of flow loss can be prevented. 
[0105] 

Moreover, according to the electronic instrument of this invention, improvement 
in effectiveness can be aimed at by using the switching power supply equipment 
of this invention. 

[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram showing one example of the switching power 
supply equipment of this invention. 

[Drawing 2] It is the property Fig. showing the relation of the magnitude of a load 
and the voltage waveform in the predetermined part of the switching power 
supply equipment of drawing 1 . 

[Drawing 3] It is the property Fig. showing the relation between the load current 
of the switching power supply equipment of drawing 1 , and a switching 
frequency. 

[Drawing 4] It is the property Fig. showing the relation between the load current 
of the switching power supply equipment of drawing 1 , and effectiveness. 
[Drawing 5] It is the circuit diagram showing another example of the switching 
power supply equipment of this invention. 

[Drawing 6] It is the circuit diagram showing still more nearly another example of 
the switching power supply equipment of this invention. 



[Drawing 7] It is the circuit diagram showing still more nearly another example of 
the switching power supply equipment of this invention. 
[Drawing 8] It is the circuit diagram showing a part of still more nearly another 
example of the switching power supply equipment of this invention. 
[Drawing 9] It is the circuit diagram showing some another switching power 
supply equipments of drawing 8 . 

[Drawing 10] It is the circuit diagram showing still more nearly another example of 

the switching power supply equipment of this invention. 

[Drawing 1 1] It is the perspective view showing one example of the electronic 

instrument of this invention. 

[Description of Notations] 

1,10, 20, 30, 40, 50 - Switching power supply equipment 

2 - Rectifier circuit 

3 51 - Output voltage detector 
4,21,31 - Control circuit 

5 - "on" period control circuit 

6, 22, 32 - "ofr period control circuit 

7 - The 1st series circuit 

8 - The 2nd series circuit 
23 - The 3rd series circuit 

41 - Constant-voltage regulator 

42 - Direct current voltage supply 
100 - Printer 

T - Transformer 

N1 - Primary winding 

N2 - Secondary winding 

N3 - Feedback winding 

Vcc - DC power supply 

Q1 The 1st switching device 

Q2 - The 2nd switching device 



Q3, Q5, Q7 The 3rd switching device 
PD1 - The 1st light emitting diode 
PD2 - The 2nd light emitting diode 
PT1 - The 1st photo transistor 
PT2 - The 2nd photo transistor 
SR - Shunt regulator 
C7 - Capacitor 
SW - Switch 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram showing one example of the switching power 
supply equipment of this invention, 

[Drawing 2] It is the property Fig. showing the relation of the magnitude of a load 
and the voltage waveform in the predetermined part of the switching power 
supply equipment of drawing 1 . 

[Drawing 3] It is the property Fig. showing the relation between the load current 
of the switching power supply equipment of drawing 1 , and a switching 



frequency. 

[Drawing 4] It is the property Fig. showing the relation between the load current 
of the switching power supply equipment of drawing 1 , and effectiveness. 
[Drawing 5] It is the circuit diagram showing another example of the switching 
power supply equipment of this invention. 

[Drawing 6] It is the circuit diagram showing still more nearly another example of 

the switching power supply equipment of this invention. 

[Drawing 7] It is the circuit diagram showing still more nearly another example of 

the switching power supply equipment of this invention. 

[Drawing 8] It is the circuit diagram showing a part of still more nearly another 

example of the switching power supply equipment of this invention. 

[Drawing 9] It is the circuit diagram showing some another switching power 

supply equipments of drawing 8 . 

[Drawing 10] It is the circuit diagram showing still more nearly another example of 

the switching power supply equipment of this invention. 

[Drawing 1 1] It is the perspective view showing one example of the electronic 

instrument of this invention. 

[Description of Notations] 

1,10, 20, 30, 40, 50 - Switching power supply equipment 

2 Rectifier circuit 

3 51 - Output voltage detector 
4, 21, 31 - Control circuit 

5 - "on" period control circuit 

6, 22, 32 - "ofr period control circuit 

7 - The 1st series circuit 

8 - The 2nd series circuit 
23 - The 3rd series circuit 

41 - Constant-voltage regulator 

42 - Direct current voltage supply 
100 - Printer 



T - Transformer 

N1 - Primary winding 

N2 - Secondary winding 

N3 - Feedback winding 

Vcc - DC power supply 

Q1 The 1st switching device 

Q2 - The 2nd switching device 

Q3, Q5, Q7 - The 3rd switching device 

PD1 - The 1st light emitting diode 

PD2 - The 2nd light emitting diode 

PT1 The 1st photo transistor 

PT2 The 2nd photo transistor 

SR - Shunt regulator 

C7 Capacitor 

SW - Switch 



[Translation done.] 
* NOTICES * 
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LThis document has been translated by computer. So the translation may not 
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, i5^-r:^— KD 3 i^2 CDiK^iJlHlSSS (^gfetR 8 1 co:7^ h h 9 P T 1 ) ^ 

:^bX?JSixiAtffl:?JS(^J:oXt>^ffi$ix5o -hili<^ J: 5 ^ i <^:7^ h h ^ vv^^iS' P 
U-C^tM-rSfci6, Ai^^s^ < -5 if M 1 <^ :7 h H ^ Vv^:?^ P T l ^-i5?ttt-5«?5fc75S 
2 CDX^ 2 ^Sj|^< — ^'^^--f-.StT^-e. B 1 (^^^ :x^^^Q 1 ^j£< ^ — 20 

[0034] 

■ei^fclJ;oX=l:^■r':^1^C4 0^«fl;Wtt^!^c«:^t^.Sfc^?>. _bfE(^itif^{±^ «9 ag U 

[0 0 3 51 
[0 0 3 6] 

;^:^WPb1§'J^IhIS§5 tcjov^x. 11 1 co:7::r h h^^v^;^:? pt i i (DZ7 ^— h'y<y^ 

KPD 1 \^m,ti^mMi!)^:K^ < ^1(D^^ h V=7 i^i^::^^ T T 1 <Oi£^<i:f:i+^ 

{c/h$<;'£5^^ ie^rtR 8 co^&^{iI;5S#i£-r-57tJ6(c:. M 2 (DW-V^l^^ S (7y ^ \^ — y 

KPD l;i5^^UXV>S{^tj;e)^;6^;J^^-r^l <^:7^'— Kv^y^m-^;55^K6^{-m;'j^n/.C 
< /^Sr <b^^*^So ^i*5. r(Dfci6{^fi<gtaR8cD«fetfit^x ^:7^PB^^iJ^®[HlSSS:'fii 

^XV^^.eV^^'^{Cli:t:-<Xfcb-O^Cit)i^< L.X*5< ig:^^;6Sfe^o 
[0 0 3 7] 50 
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ti--5o ^(D<t #dti>^fl:ffi^ti±l(HlSS3 cDlgfctR 1 tmi c^^^^V^— KPD 
[00 3 81 

■^^c ecD^ea^^^ig^TLR i i i:M2<z)7;<j- h h^i^-:^:^^' PT 2 ^^^^-u-c^r^tfl:^tb. ^ 

Mmii?>mm7b>^£< /^oX'J#is^^N3{c:7^-f^<5'i^«ffi/5^^^UXt. ^iv^'^m 1 CO 
:y^*^Q 1 coy— htcPnip^ttT^ei/^iv^ 5 :i i f^Sg i co;^^ ^/^^^^Q 1 (^r? — ;x;^->' 
[0 0 3 9] 

2<z):7;r h l>^i^v?;^iJ' ft 2 i: =3 :^7'■:^■^^c ex^^^m^m^^^x. =ii^T'>"*}-c 

ei-inxj^^m^nt^tb^o rti.{cj;ox=i>'^">'i^c 6»^fl:fl:EE/ei5_b#-rsi h^^-^^ 

[00401 

b/i^ti. AW>5s@< fj:^mt'm2<r>^yty^^— v^ptd 2i^mtv^msiti)>iz^ < t^^xm 

Q4 ^riS' — >':^^>'-C#'5^e^*■T?5teli^^^-2)<7){c^PB^;SS^^;6>S± 9 Ivl/^^So ^(DtLisb^ M 

mm^^e7i>mm-ir^^i:i^xoxm:hmmi^—Mi:imm^n^„ ^^ts^ 

[0 04 11 

m:^^m<^£^o :y^>'i^mmmmicio\,^xi-i. mMMm^ii-x^-^ y^ty^m^^mM 

fei?. ytZ7mmmMn:Lt\.iC'B-&VX\^^i>o 

[004 21 
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[004 31 

«jEv c 4 (Dv^m^i\:.^'s^<7)m\-^^Wz^7r^-r^ 9 ( a ) i-i:^>-mmmm(Dm^ti 

[0044] 

1112 (a) . (b) i^Tfk^tt^xoi^. :^i^mmMm(ont>nx\,^^^miz:t3\,^x{-i. :^ 

1212 (b) (D:fjf)^y^^ ^^-^■^(Dmm-^^^<^£^'C\^^^:LtiiK>^:^mmUM^^ 
5i)^mm\^X\^^^:iti!>ii:>f}^^o ^tL. 122 (a). (b)J;«9. =i ^7='^-y-c 4 <7)^m 

mSEV c 4;5Sb:°— ^{c/^ofct ^;a5|g26D;5^-Y y^m^Qi2(D^ — :^:^l^ (M 1 5^ 
5^^^Q 1 OiJ' — >':^:7) cD:^'-f 5: ^-^-Cfo-S w i t>t3^^So 1212 (a) . (b) 

illl2 (c) . (d) ^Jtift-rs.b^^^^'SJ: 1212 (a) . (b) <^^-^fCfiVds 

S ^ i ;d5^^;d^So 
[0 0 4 5] 

^UT. 0 2 (c) . (d) tC^$tt-5 J: KAi^B*i-*5V^-C{i:^7S8FBl^J^(HlSS6 

fi:^;^L,-cv^^)r t J; «9 , h7:^v^:^^Q4;eiS3j-:7:|^^l{cfcD. ^tt(::J;o-c^3 CQ^-f 

[0 0 4 6] 

I2l3*3j;t/I2|4{ci, 7|s:^^0D;:^-f 5'^>-:i^®M3^e H-^SttS. r&^^llMi: 

[0 0 4 7 1 
[0 0 4 81 

[004 91 

(«0iJ 2 ) 

I2l5(c, :^m^M<D:^^ y^:yymW^^W:<o^H<DmMM(om^m^^-i~o l2l5{c:4oV^X, HI 
1 i:!^— t.U< filRl^<0^:9-{Cf4PC|a-^^'f^U. ^<0|feg^«r^^lB&i-^)o 
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[0 0 5 01 

[00 5 11 
[0 0 5 21 

T 1 (DWeKm-ii"^^^^ 8 <^fe^fit{c>ctU-C-f-5>{c/h$ < /i-Sfcfetci. ^ i <D^^^-r :2J-— 
KPD 1 /i^SjCoH 1 (^v'^— K>•^5/i5'^m^tt^K^^'ai;t»$t^''<c< ^^So -^UX. II2CC) 

^^iS^-Y:^— KPD 2{c«»ft;0S^ixS/c4^fc^:7S8r^^J^lHlS§6;6S^^Hg-r'5o 
[0 0 5 3] 

•^^:/^^'«Masei otdjov^-cfi. || 2 (5:):7;r h h 7 >'v^:^i5' P T 2 c?:*^ 

— ;^{-@^^^tfCV^-5 7^ci6, ||2 0:7;^ h h9:/v?;^^ PT 2 ^»fEti.-5«M/5^:^^WrBlSiJ 
-7*V h^^v^^cJ' PT 2;4S^^«RflffelJ^|fi]SS5(^H#^miHlSS<75— U-C^Hg^S ^ t 

{d^^^So ^<o^c4t>. Ai^j45^< ^^o-C^2(^^^^~-f KPD 2(c»fEttS«iJft;eiS#< 
^3 . ■ttL}-#o-r^2co:7;r h h9^v'.:^^5'PT2{C?5ftttS«:^t>#<'fcSi:. =i>-7^V 
i^-C 4<7:)^m^rBl;i5M< "9 . ^ 2 <7);^-i' 2/^*^=-Q 2 <7)^ — ^;?|->-;ei^i£< ^.e . ^ l 

[0 0 5 41 

[0 0 5 51 

(^Jfe^iJ 3 ) 

El 6 Id, :^mm<D^^ ^y^>'i^MW.^Wi(0^ hi^^no:>mMt^<\com^m=S:7r^-f-o lll6lc*3V^ 

[0 0 5 61 
[0 0 5 71 

:^:7S8rH^^J^|HlSS2 2(i. NPNM(Z) Vi^;^^t?fo€)||3<Z);^-r y^^^^Q 5 ^ 
Km){Cj|e»)fein:<b/£-5lgtrLR 1 2 i:. :y i5^-r ^— KD 4 <b . N P N^(^ h 5^ ^'-I^:^ 

6 iStrCR 1 3*3j;tJ«fe^R 1 4 XXJ^m.tfiR 1 5 t. =i>'^^^-y-C 7 i: . ^ 2 
:7:i- h h^>-iy:^^ PT 2 KD 5 35=' b«;?5c $ iXTV rrX. ^3<?:>^'r 

s/^^^^Q5(i. =1 U^iS'i^s; 5/^/i»s-eiX-eix=i:^^'V1^C 3 i:^10^-f yf-m'f-Q 

1 co-y— htcg^M^tb. ;^355^g^R 1 2 ^::fr-UXit::gK«Mv c c <73— i^tdg^^^n-S 

t ti^\^'y ziL^—y^ ^— \^-r> 4^^vx7^t}m<D^^:y K{d^ic^tT.-cv^5o ^Sfe^:R i 
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^ 3 <Z5;^'1' y^m^Gi 5 (7>-<— ^ ^ ^ t'^f^ 2(D-7 ^ h h ^ P T 

2 i =i^-r="^-y-C 7 i<7>^gc^tc^^$nxv^So fefctR 1 4(± h^:xv^;^^Q 6 (7)^— 

. .y PB^td^^^ tL. ffiitiiR 1 5 h ^ ^? Q 6 c^^— ;^ i: A;^{l"J<75^^ :x K 

i: Fb^ {d^i^ $ tb-C 1/ ^ S o 
[0 0 5 81 

^-r -.y 5=- ^ SM^g 1 IWl^tCl. |g2(D:7;d- h h^^/v^;^^ PT 2(^^2CD^^ 

yV;^— KPD2i:i:t>{->';^- h;<7 >^^^«^U-CV^S„ C0^2<7):7;^ h h^>'v>:^iS' 
PT 2 <t^2co^7fei5'^-r:^— KPD 2 75>>b''£'5 h bXtB;^ttffi1^tBlHlSS 3 lo 
*^b;^7«8fe1©J^lHli^2 2{c:7^'— Hv^5/i:^ ^ 5/ ^ ^ ^ m^Sasa 2 O {c: 

[0 0 5 9] 
[ O O 60 1 

1^{cM2<D^3ti5^-r:^— KPD 2{c«;»fc/5S»itix/£l>(^-e;<J-:7*B^1^J^lHlSS2 2(DW>2(D^ 
iS-VV'7^-y-J^^^VT2ifi7>r^(0^^\^f^^^ m2(D^ ^ V V'yl^V'^ 9 -PT 21fi^-7<D 

i: h ^ >-v^;?;<5'Q 6 t.®»{c;6^i)KtL7tc^^fc^6^c:^:7(c7tc-5o co J* {c , W,2,(d:^^ 20 

.y^^^F-Q 5 KD 4 (D ::y 3: 9 , ^3 (7);^^ 

:7aBPBl^j^(H]gg 2 2 {i^ti U/.ev^„ 

[0 0 6 1 ] 

^ (c ;r >'aB ^I^J^ S o 

[ O O 6 2 1 

— SA^^B^tdfi. m2(D%^i5^-l';^— KPD 2{C«»S;5S»^iX'5fci6{cm2<^:7^— K 
^<S'i5'm-^;eiS|g-^U^ :^:7^F^$iJ^^|HlSg2 2;5S^tg-rSo 30 
[0 0 6 31 

S-r^ 5/^3^T-Q 1 /5^;t-:7{c/£oX-5$)c^^N 2 7i>^ t> iJ^V KD 1 ^in^UX«»ft 

M2<7)^3t^5^-r^— KPD 2^c•ffl:»S;5s?)ftt^-cB2(z>>'-^'— Kv<5/ ^■ft-^/is^^ u■rv^ 

Si:. M2<d:7^ h h9>'i^^^PT2{i|g2c^:7^' — K-^^s/^ft-^f-fSCfciejafitSrW 
•rSigfett b-C^tg-rS J: 5{-^ceSo ^<Dfz.>h. m 3 «^ii:^J(Hlg§ 2 3 . i5^-r:^— KD5. 

<^i^'7>' K^cg8iec$ttXV^S^;55IE{^:^j:-5a: 5{-^m^nSo m.^^\^^^^\^li'm'2.(D^ 
h h9^v^;^i5' PT 2»*gfcT:iitd5{eT-rs/c*e>{c. =i^-7^-^-!^c 7 {c»^ixsmj5fc;e»sitx. 

B*,'^;!? h^^v:=;^^Q6;dS;^>';|;>c®jci/^So ^ 3 ^^-T-Q 5 cD--^— 

m^S-ii^^T U-C^ 3 <^:x-r ^'^^^^Q 5 ifi:^-y^m,\^f^^^ 
[ 0 O 6 4 ] 

z:^Sfe^i^N2 55^^i?'-f':^— KD 1 ^^\^'CmJr^^^nMt^^x^\Z.f^^ h . -JwiS^^N 3{C1 

mMMt^W^K^ 1 4 irjSthIR 1 5 ^:frbX;5tfefl:$ix2>fc*!?{c h ^ Vv?^ iS' Q 6 <D;^>'it^^ 
>55j^<o ^(Ofz-^h. ^3<0^-r ^y^m^F-Q 5<7)Jd-74^flit>«SJgc-r-5o II 3 <^ iy ^^^^ 
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[0 0 6 51 

SBtPBK*^ >'7='>-9-C 7 <7)?Ettffl:ffi{ci^fei¥-t-5o =" ly^f^-y^C 7 <7)^SmBEf*-hKE<^ J: 5 

[00 6 61 

=t >^>-9'C 7 co^MMM<^M^J^i^^o'<: h 7 i^v^^:? Q 6 /iS :7 -f ;5 ills lo 

[00 6 71 

^-f ^.y^>'i5^''B;J!S^g2 o ^c*3^^-Cfi, j/^^^ij^ fli^jg^g i i 0 i fiM''^ "9 . ±M 

3 co;^-r .y^^^Q 5 co:^:74feflg^*fti#$-li:■rv^;5o H 1 cDP^-f -^^^^Q 1 co 20 

[0 0 6 81 

(^Sfe^J 4 ) 

[0 0 6 91 

ig 7 lc^L.fc:^-f y^i^-^-mM^W-Z 0 {c*dV^x. >^-f s/ 9=- :^ ^J^IiM^M i <^^oiSv^fi. 
f|5iJt^[H]i*§4 {r-f-tx.-C*J^0S§3 1 ^{ii;t-CV^S>^fctt-C$?So ^J^^IHli^S3 l{C*5V^-Cfi. 
^J^^EiJS 4 {drafts ^Ibifi^R 6 ^^iJI^U. :^7SaFB^^J^(eIj8S6 iC'f-^;t-r:^7^rBlfeiJ#PlHl 

S&3 2 ^^ix.-CV^So ^^*5. :i->^F^^Jt^[llgS5 {ciBiU-Cf^jEffjrvv 

[0 0 7 01 

:^:7^r^©J^lHl*S3 2^c*5V^-C{i. ^^«8raiiJ^^[Hli^4{c4B{t«)^3c^^-i' s/^m^=-Q 3 
, ^^^■r'^-y-C 5 . *3j:D«*g:fctR 1 O {C'f-t;t-C> ^ 3 <D y f-M^ Cl 7 ^ h^l^i^:^^ 
Q8. KD6. iSihIR 16. R 1 7, R 1 8 S:^i;t■rv^-5o rrt?, HSco;^-!" 40 

3 1 s'^^^Q 1 co^'— ht-^^^n-CV^So M 3 (D:^-^ yf-m^Q 7 (D^— 

So ^yni-:^— tS^-r ^— KD 6 (4||3(0;^-f :y^^^Q 7 co^— ;^ i: A;'jflJcO:i^'^ >- Ki:CO 

<o^— ^g^R 1 8 ^:^M.XA;'jmiJ<^i/^:x Ktcg^^^n. h ^ ^^^^^^^ Q 4<d=i u 

KD 1 0*5j;t)«=i>-^ i/i^c 9 co^M.^tc^M^tuXV 
[0 0 7 11 50 
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[0 0 7 2] 

micm2(Dm^V^ KPD 2^C«»^;^|5?jfttJ'^V^<0-e:<^:7SaFB^^lJ#P|HISS3 2<^|g2<^?>' 

:t h P T 2;55;^:7CD**{C/^S„ ^2 CD:7^ h h 7 P T 2 ;6^::?i-:7(c 

[00 7 3] 

[0 0 7 4] 

gA^^B#t-f*> ||2(Z)^^i5^-f KPD 2{c:fl;»?E;d5»fEiX'5fciit){c|g2co:7^'— K 

[00 7 51 

<^:^:7^r^{c=i>'7=">'-y-c 6 <z)5£®®^^ttifi;^R i i *3 J; 2 :7 ^ h h9>'v';^^ p 

iS'Q4tt;^:74^c*g(-^^-5o ■tix{:iJ;oX, h 7 Q 8 ;iS;^>'t»t^{d^=e . ^(D'^W: 

. M3co^-C ry^^^^^Q 7{4::d-7)|^ffi{rjfc'5o ^(Dtiib. =li^mmil<S 2 ^^h^^m^MM. 

[0 0 7 6] 

-r^.C*:>*>, 5/^i^i/'«M3Sm3 OtC*3V>Xfi. :^:7S8^1^J^[el!^6£^)^-^{CfiPNP 

[00 7 7] 

SIT. |g3 (D;^-r ^/^^^i UT Pisf pM<^ h ^:xi;5;^i5'^ffiv^-cv^si21 1 <^;5?.-r rx^^ 

[0 0 7 8] 

vccXra/ (r6+ra) >Vth (Ql) 

V c c {±il:?jS£fl;a^V c c COSJE, r a fiiS^R 1 O i: R 1 2 i^l(D:^^ y^ 40 

th (Ql) f*^ 1 co;^^ s/^^^Q 1 CO b^v^filffliffi-efc-So ^.e*5. |g 3 (T^^-r 2/^^ 

^Q3, h9i^v';^^Q4-t?60lliEEN^Tfi*SlElL.XV^So 
[0 0 7 9] 

rCLX. fe^R 1 0<^fiefi||3cr);^-f j'^^^Q 3C0;^'1' :y^>'i>'i£^tCl;^^L.. rtb^iS 

:*c#VM5if||3 co;:^-r :y^^^Q 3 cD^— ;^fl:»fD;6^/h ^ < ^ie t) . •^*^{c<J; oXig 1 co;^-^ 

1 <o^'— h--coa:^jfE^^*t>^i'"^=e< /.e 9 . Ml (o:^-f y^m^Q i (^;^-^ ^yf- 
Vj/;^ f — K*Sia< ''.C-So II 1 cD^^-r 1 <d;^^ y^i^if:^ K;dSig< i: 



1 
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(0 0 8 01 

vccXrl2/ (rl6+rl2) >Vth (Ql) 

:i<Do^. Tie fiiS^aR 1 6 (7)^^fii-efc-5o 

[0 0 8 1 1 

X?. 5/ ^ > 1 i: ^ ^ i/«iisise a o<DisfetR i 2(^)isfeiii:;os|ii— 
fl;M3Sg3 o{c*5v^x«. ewj|gtat-+e^^-r-54sei:-e$>s®*n:R i 6 -ecD^i^^/h^ < -r 

[00 8 21 

[0 0 8 31 

i:w'5T:\ m 7 CO :^ ^ ry ^ >■ li^MWMS: 3 O ^ 3 (D :^ y ^m'T- Q 7 (D^~- 

■f—y^:^— KD 6 fins (D;^-r :y^^^Q7 i: i: t. ^ 5 h [h]S§^1#/?5c; L.X*3 "9 . 

Vgs (Ql) =Vz (D6) — Vbe (Q7) 

i^mm^in^o rr-e. vgs (qd i-imi<^^^ ^y^m^Qi'^'tf—h - y—^^mm 

JE, Vz (D6) fi:y3i-?— iJ^V:*-— KD 6 <75:yzii-:h— ttJE, Vbe (Q7) i-^^sco:^ 

[0 0 8 41 

/i*5, x-r '.y^>':J^'«M^M;2 0om^{c*3V^-rfi^-|B&Ufc;6^ ;^ ^ ^ 2 

[0 0 8 51 

(^JS^J 5 ) 

III 9 \tm 8 (w^-a:/.c;e»^o;fe:^-r ■^^>'i^'S^.ii«4 0 CO— ^^gijig-e^ ufct)CC)-efcSc 

o 

[0 0 8 6] 

I2I8*3J:tj«I119 ^c*5V^x. ^^-T v^ffigli^fi 4 0 f*. r^f-:^ y^MWMM3 O (DM 

f&izim^x^mm\^^^\^~-y 4 1 2^m:^x\^^^o I2l8ic*3v^-c. 

(*ii:gfE«aiv c c c^— iSg (— ^fe^i^N 1 (7?— 4S) B^f*^tiS#il&N 3<;:>— 
fiii:i5ft«^.v c c ofdisffi ('J^jM#Mn 3 (Dftfiiffi. A;^{a.iJ<75ir"7:/ K) D.^{i|g:i7LR i 

1, R 1 6*3J:t)«R 1 7<Dg8i^^^#*U-cv^So J^c*3^ :?«:-r 5/ ^:^i^«:ili3ge 3 O JC*5 

[0 08 7] 

*-r. ^fl:ffii/=¥3. 4 1 i-i. mtnlR 1 9*3J;tJ«i£^R 2 O i: h l^i^:^-^ Q 9 t y 

:xL-r—y^:^— KD 7 ir^-r^d— KD 8 X'^ftfiJc^nXV^-So h 9 Vv?;^ ^ Q 9 co=i ^ 
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(00 8 81 

— ie«^«ffit!l4 2 f4i?^-r KD 9 ^T^Vi^C 8 T'Sl^^tufc^^SSlHlgSX'. ^-T 
KD 9 co^ y— Ktc(i'J*iM#^N 3 tc^^-T -SSiE^S})^ Ufct. (Z^^d^mtu-So 
[00 8 91 

UT, ^fllffil/^^^ 1/—^ 4 ICO >'i^:^i^Q 9 (7)^ 5 -y ^l-iV-^ KD 8 

Tii:jS{E«ffilSi 1 2(D^^;*— KD 9<D;<; y— K{c^M^ tv2> <t t iciD.^icg8^^i^XV ^ 

[0 0 9 01 

-Cji:»ft«ffiM4 2 75S^Hgb^6J65 KD 9 (^;^ y— K^E^i^ h^i/v'^iS^Q 9 

[0 0 9 1 1 

r <D J; 9 f-^^^tv^c^-r ^y^>^SM3^g4 O lw*3V^i:, ^KjffifetX'fc-SlS^R 1 6 {ci 

MSAB#i^j^^{^«ii:»^miigv c c cfc <oms£m<Dj&\,^mMmj£W.4 2^>ib<7^mj^i>^\iM^tb 

[0 0 9 21 

/£io. ;^-r y=^^^^'mmmw:4 o<7)®iii[Hiss#i3^iii.^{i;^-r y^v^'m^.asfis o <t^< 

[0 0 9 3] 
[00941 

mmm e ) 

siotci, ^mmo:>>^^ ^yf-:^-^mM^m.<^^hkz.m<DmMm(r)m^m^yf^-t., miotci 

[0 0 9 51 

. m;^®i3E^m0i^3(C'f-<^;txai;^SJE^miH]SS5 1 <^Mx.XV^'5^fdlt-efcSo 

:^X\^^fj:^^^^tmmcomn<7)m:i\^Xl^^o 
[0 0 961 
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[0 0 9 7] 

[ o 0 9 8 J 

[0 0 9 91 

/£*5, ^-f ^y^i^vmM^m-^ 0^cl4oV^Xfi;^-^' cDI±S;'3®JBE^^miHlsS 

[0100] 

mmm 7 ) 

mi 1 tc. :^mm(Dm^^w:<^-'MMM<Dmum^^-i-^ mi i{c*3v^x. «^=-3ss<7)i 

L-XV^-5o 
[0101] 

[0102] 

^£4o. mi 1 {c^L.fc:7"y ^'jJ' 1 o o{c*3^^x«l2i 1 {.i^L-fc:;^^ :y^Vi/«;J?f.3^ai ^ 

^fflbfc;6S^ ElS/iV^UEl 1 O {C^L,fc:=^'l' -.y^>-i:^'«i!lSei O. 2 0. 3 0. 4 0. 
5 0 ^^ffl UXt)«l*3^^V^tj<7)X. l^^(Z)<^fflS!im^^-rS t<^XfeSo 
[0103] 

^^^.e if . mffi c^^^^^ ltt^5f£«MOi£i>^ b S a^^iStt ^-a tf (7) X S o 
[0104] 

[^e^o^m] 

[0 1 0 5 1 

, ^^(0(6]_h^[llSCi So 

[mscDfli^/^mB^] 

[m 1 1 :^^m(D:^^ ^y^>'^mMms<^-'MmM^^-i-m^mx:^^^ 
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